Progress in the art of diagnosis of pulmonary tuberculosis has paralleled refinements in roentgen diagnosis of pulmonary disease. The advances made in recent years have resulted in widespread extensions of roentgenological service in tuberculosis case-finding, not only in clinics, schools, hospitals, and induction centers for the armed forces, but also in industry. This increased demand for routine chest roentgenograms has and will continue to demonstrate many pulmonary lesions in an earlier stage of their life history. Many of the characteristic roentgen signs that simplify recognition and denote or suggest the etiologic diagnosis are lacking in the early lesions.
The particular problem in thoracic roentgenology has always been the obscuring densities of the bony thorax and the thoracic viscera which prevent clear visualization of small pathological lesions. Stereoscopy is often valuable, but is subject to individual personal skill and the experience of the observer. It is not foolproof and has never been universally accepted. Sectional roentgenography, or roentgenography of the layers of the body, has proved a valuable technical method for resolving confusing superimposed shadows of structures, particularly in the chest where necessary contrast densities are found. There are several technical methods of making sectional studies which have been proved satisfactory in theory and practice.
To avoid serious errors in differential diagnosis it has become necessary and desirable to utilize any or all roentgen technics as well as clinical and laboratory procedures. The roentgen technics include fluoroscopy, conventional roentgenography in various positions, section roentgenography, bronchography, and pulmonary angiography.
(Kymography has proved of little value in pulmonary lesions.) Proceeding from the simpler to more complex procedures, diagnostic * From the Department of Surgery, Section of Radiology, Yale University School of Medicine.
pneumothorax, bronchoscopy, and thoracoscopy are called upon as indicated in the work-up of the problem case. Fluoroscopy and a single postero-anterior film of the chest may adequately establish a "roentgen diagnosis" of pulmonary tuberculosis in the absence of symptoms or positive sputum. The acceptance of roentgen findings as etiological proof may be necessary pro tempore, but it is always hazardous and should be deplored. Contribution to the clinical evaluation of many pulmonary lesions is possible through sectional examinations and may at least aid in directing the next step in the diagnostic work-up. During the last four years some fifteen hundred section examinations have been carried out in the Department of Radiology of the New Haven Hospital. Approximately one-half of this number were section studies of the thorax. Two hundred and eight examinations were for known or suspected cases of pulmonary tuberculosis. Although this material does not lend itself to statistical analysis as to the relative value in diagnosis, sufficient experience has been gained to justify the impression that the method is meritorious in improving our appreciation of the pathological changes in both early and advanced tuberculosis. It must be used, like all roentgen technics, as a tool for clearer visualization of anatomical structures and pathological processes. It cannot establish more than a presumptive or working diagnosis to be proved or disproved by other methods.
One of the striking contributions of section studies is the visualization of the air pathways of the larynx, trachea, and bronchi in cases suspected of harboring endobronchial infection with the sequelae of stenosis and bronchiectasis. The following case is illustrative. (See Fig. 1 ) Case I (B22486), a female, aged 24, was admitted to the New Haven Hospital on Dec. 7, 1941 . The patient had been in good health, except for attacks of acute sinusitis, until one year befor-e admission. At that time she "caught a cold" following which she began to have "asthmatic attacks." Four months before admission she developed what was interpreted as a pneumothorax on the left side, and was confined to bed for 15 days. The pneumothorax was said to have absorbed after an unsuccessful attempt to aspirate the air. Three weeks before admission she suffered a second similar episode, associated with pain and shortness of breath, which confined her to bed. There was gradual subsidence of the pain but persistence of the wheezing respirations. The patient had lost six pounds in weight since the onset of her illness. There was no history of hemoptysis, night sweats, anorexia, or after-noon fever. On physical examination there was some dullness to percussion over the entire left lung. Many inspiratory and expiratory moist rales were heard over both sides, somewhat more marked on the left, with diminished spoken voice sounds. Conventional stereoscopic films of the chest revealed minimal dense mottling at the left apex in the infra-clavicular region. Fluoroscopy and roentgenography in inspiration and expiration revealed a slight shift of the heart and mediastinum to the right on full expiration. Laminagraphic sections showed a fusiform narrowing of the left main bronchus to one-half its normal diameter. The orifice of the left lower lcobe bronchus was twice the caliber of the stenosed main -bronchus. On bronchoscopic examination an inflammatory reaction was seen in the mucosa of the left main bronchus. Four centimeters below the carina, just proximal to the opening of the left upper lobe branch, the main bronchus was very narrowed and would not permit passage of the bronchoscope beyond this point. A suction tube was placed through the small opening and bronchial secretions were aspirated. An acid-fast stain of this secretion showed many tubercle bacilli.
Discussion: It seems likely that the two attacks of pain and dyspnea which were interpreted as spontaneous pneumothoraces were probably episodes of expiratory valvular obstruction with obstructive pulmonary emphysema of the left lung. Although tuberculous bronchostenosis of a large bronchus with minimal parenchymal disease is unusual, the effects of extrinsic pressure of enlarged hilar and mediastinal glands upon the air passages is probably too little appreciated. In no sense can section studies be considered as a substitute for bronchoscopy but they may serve as a method of selection of cases deserving bronchoscopic examination.
A common indication for section roentgenography in advanced pulmonary tuberculosis is the demonstration or corroboration of the suspected presence of a cavity. The method is ideally suited for the task of resolving the heterogeneous changes that occur in the extensively diseased lung, and cavities are frequently unequivocally demonstrated by eliminating the obscuring superimposed structures. The healing process of fibrosis, with some retraction, occurs simultaneously with emphysema of the adjacent normal lung in the immediate vicinity. The formation of bullae and pneumatoceles offers difficulties in differential diagnosis and may be confused with tuberculous cavitation. Bullae tend to have thin walls, may lie within the parenchyma or even invaginate an interlobar fissure, and occasionally contain fluid levels. At autopsy the actual presence of a cavity within the lung may be confirmed but the roentgen impression of its tuberculous character may be disproved in favor of a large pneumatocele or bulla. Section studies of many chronic fibroid apical lesions (dinically healed) have demonstrated large antra hidden behind thickened apical pleura and entirely unsuspected from clinical, laboratory, and conventional roentgen examinations. A large clinicopathologic experience will be required to determine which are epithelialized tuberculous cavities and which are emphysematous bullae, since both can be demonstrated throughout the entire depth of the lung. Discussion: In the clinical course, over a long period of observation, there is little to suggest that the patient has significant or active disease. The patient looks well, feels well, and has never received more than a minimal rest-cure, following which he resumed and has continued at his work. Examination by section roentgenography serves to raise many interesting questions regarding the nature of the demonstrable cavities and of their clinical significance, particularly by that school of phthisiologists who feel that tuberculous cavities seldom epithelialize completely and are subject to exacerbations of reactivity with positive sputa. It is obvious from the clinical data and follow-up of this patient that the roentgen findings must not be permitted to carry much weight in prognosis or treatment.
Section roentgenography may contribute valuable information in those patients with fulminating ulcerative processes with secondary infection and clinical findings suggestive of pulmonary abscess or bronchiogenic carcinoma.
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Case III (2423), white male, aged 59, was admitted to the New Haven Hospital with a two-year history of loss of weight, polydypsea, and polyuria. Three weeks before admission he developed a respiratory infection with a productive cough. Physical examination revealed dullness at the right apex, scattered moist rales in this area, and rhonchi throughout the remaining portions of the chest. The temperature was 1000 F and the white blood count was 11,600. Fluoroscopic examination of the chest revealed a large area of consolidation in the right mid-lung field with a cavity and fluid level. The lung was emphysematous. The finger-nails were slightly cyanotic with a suggestion of clubbing of the fingers. The urine showed a marked reaction for sugar. Initial sputum examinations failed to show acid-fast [bacilli. During the hospital course the patient had temperature rises to 1010 F. with marked increase in sputum to 100 cc. daily. Conventional x-ray examination of the chest revealed the previously described abscesses in the right lung field with multiple fluid levels, and pneumonitis involving the right upper, middle, and lower lobes, as well as pneumonitis of the left upper lobe. The possibility of primary bronchiogenic tumor with secondary lung abscess was entertained.
On Sept. 16, 1941, bronchoscopy was carried out by Dr. Canfield with the following findings: Four to six centimeters below the carina in the right main bronchus a mass of granulation tissue occluded the lumen. The tissue bled easily. Biopsy was attempted but the tissue was so friable that little was obtained with a forceps. Neoplasm could not be ruled out, but it was thought that the endobronchial lesion was the result of mediastinal lymphadenitis. Body section examination of the chest revealed a marked irregularity of the lumen of the trachea and the right main and intermediate bronchi suggestive of an ulcerative and hyperplastic lesion. There was also narrowing of the lumen of the right upper ldbe bronchus and irregularity of middle and lower lobe divisions. The previously noted consolidation and cavitation of the right lung were again demonstrated. In the left lung at the 12-centimeter level a small oval cavity measuring two centimeters in diameter was seen in the left upper lobe. The roentgenographic impression was tuberculous tracheobronchitis with stenosis of the right upper lobe bronchus and bilateral pulmonary tuberculosis with cavitation. A second bronchoscopy in the light of the laminagraphic findings revealed marked irregularity of the tracheal wall. The tracheal rings could be seen, although the mucosa was swollen. An attempted biopsy only scratched the mucosa, a fragment of which was removed. The mucosa of the main bronchus was again seen to be inflamed anid swollen without ulceration. The bronchoscopist's impression was that the lesion was sufbmucosal and probably subcartilaginous. Surgical pathological specimens obtained by biopsy of the left main bronchus revealed a gradual transition of the respiratory type of epithelium to pseudostratified squamous epithelium with instact basement membrane. Within the submucosa were numerous chronic inflammatory cells. Pathological diagnosis: Chronic bronchitis with squamous metaplasia of the epithelium. Subsequent sputa exammations and guinea-pig inoculations were positive for tubercle bacilli. The patient was transferred to a tuberculosis sanatorium on Sept. 30, 1941, where he showed progressive increase in the extent of the disease. In March, 1942, he developed a heavily blood-streaked sputum with repeated hemoptyses. On April 5, 1942 , following a series of massive hemorrhages, he expired. Autopsy was not obtained.
Discussion: The cavity demonstrated in the left upper lobe by section roentgenography was entirely unsuspected by the conventional examination. The bilateral cavitation with the extensive changes in the entire tracheobronchial tree contributed strong evidence in favor of a working diagnosis of tuberculosis, although simple lung abscess or abscess secondary to bronchiogenic cancer was suspected from the dinical, bronchoscopic, and conventional roentgen examinations. In both the inflammatory and neoplastic lesions the delineation of the trachea and bronchi by section roentgenograms is valuable to the bronchoscopist in suggesting leads for his endoscopic exploration.
Although the air passages, including trachea and bronchi, and the lung parenchyma offer the primary interest in tuberculous disease of the lung, it has been said that a knowledge of the pulmonary vascular structures is of equal or greater importance in roentgen diagnosis. Until relatively recent years recognition of the pulmonary arterial branches and pulmonary veins has been granted scant appreciation except for the all too frequent and unflattering mistake of their identity as bronchial markings. The following case will serve to illustrate the necessity for roentgen recognition of the normal and pathological vascular shadows., Case IV (B20727), Italian male, aged 24, was referred for follow-up examination of the chest because a roentgenogram of the chest before induction into the armed forces had revealed pulmonary infiltration of the left upper lung field. The patient had been told he had pulmonary tuberculosis of the left upper lobe and was advised to seek medical care. At the time of his follow-up examination the patient stated that he had a cough for two or three days accompanying a chest cold and he had felt feverish on a few occasions during the past three and a half weeks. The patient volunteered the information that his feverishness might be just imagination, since he was told that he had pulmonary tuberculosis. On physical examination the chest was negative. Respirations, 24; blood pressure, 118/70; tuberculin, negative to 1 mg. O.T. The clinical impression was a question of early tuberculosis. The patient was referred for a repeat x-ray examination of the chest. Stereoscopic roentgenograms revealed thickening of the pleura at the left apex. A Y-shaped dense structure was seen in the first paravertebral lung zone of the left upper lobe (Fig. 4-A) . The films were seen by several phthisiologists and the consensus of opinion was that tuberculosis could not be excluded. Subsequent laminagraphic studies (Fig. 4-B) showed continuity of the previously demonstrated Y-shaped density with the left pulmonary artery at the hilum of the left lung. A roentgen diagnosis of anomaly of the superior branch of the left pulmonary artery was made. Pulmonary angiography was carried out using 70 per cent diodrast for opacification of the pulmonary arterial tree.* A roentgenogram of the chest, made three seconds after injection of the opaque substance, demonstrated the opacification of the shadow in the left upper lung field and simultaneous opacification of the pulmonary arteries. The angiogram confirms the laminagraphic impression of aneurysmal dilatation of a pulmonary artery. 
